Transposition of the E.coli bacteriophage Mu requires the phage encoded A and B proteins, the host protein UU and the host replication proteins. The ends of the genome of the phage, on which some of these proteins act, both contain three transposase (A) binding sites. The organization of these binding sites on each end, however, is different. Here we show, using DNase footprinting experiments with purified A protein, that mutant A binding sites, which affect transposition, have decreased affinity for the transposase. Furthermore the transposase binds non-cooperatively to all A binding sites both in the left and right end of Mu. Electron microscopic studies show that the A protein forms specific nudeoprotein structures upon binding to the ends of Mu. The A and B proteins interact with the ends of Mu to generate larger structures than with the A protein alone.
IBTBODPCTIOS
Bacteriophage Mu, which replicates by an active process of transposition, has developed special features to achieve a high efficiency in this process. Both ends of the phage contain three 22 bp repeats (1,2) situated at different positions in the left and right end. These repeats are the binding sites for the A protein, the transposase of Mu (3) . The A protein is absolutely essential for transposition. For normal levels of transposition the phage encoded B protein is also required-In the absence of the B protein transposition is reduced by a factor of 100 (1,4,5).
Both proteins act at an early step in transposition of bacteriophage Mu, i.e. the DNA strand transfer reaction (6) .
For this reaction to occur both ends of the phage have to be brought together in a proper orientation in the synaptic complex (7) . Formation of this synaptic complex probably involves multiple protein-protein and protein-DNA interactions in a specialized nudeoprotein structure. Surette et al. (8) suggested that the formation of the synaptic complex is a two-step reaction. Formation of a synaptic complex where both ends are brought together only requires Mg , the MuA protein and the host protein HU (Type 1 complex) whereas, inclusion Nucleic Acids Research of the acceptor DNA molecule In the synaptlc complex (Type II complex), in addition, requires the Mu B protein and ATP.
The formation of specialized nucleoproteln structures has also been observed with a number of high precision reactions such as site-specific recombination of bacteriophage A (9,10) and initiation of replication of the genome of bacteriophage A (11) and the chromosome of E.coll (12) .
In this study we used electron microscopy and DNase footprlnting to examine the interaction of the A and B proteins with the ends of Mu, and to examine the formation of specific nucleoprotein structures. respectively. The plasmlds used in the footprinting experiments: pGP626, Al, A26, A53, A66, ML15, MR12 and MR21 were described previously (1,2). The
MATERIALS AHD METHODS

Kecoahlnant
BamHI site In these plasmlds could not be labeled efficiently by filling them in, using the Klenow fragment of polymerase I. Therefore the HindlllBamHI fragment of A53, A66, MR12, MR21 and pGP626 was recloned in pGP604
(1) and the EcoRI-BamHI fragment of A26 was recloned In pUC9. This created a Sail site next to the BamHI site which was then used for labeling of these fragments. Plasmid pGP658 is a pBR322 derivative containing the left 850 and the right 792 bp of Mu in their proper relative orientation.
Plasmld pGP660 is a pBR322 derivative containing the left 170 bp of Mu. The construction of plasmld pGP618 has been described in detail elsewhere.
Protein purification and In Tltro transposition
The A protein of bacteriophage Mu was purified by a modification of the procedure of Craigie and Mlzuuchi (14) . containing plasmids pGP601 and pGP666 respectively.
DBanel footprinting experiments
Restriction fragments were labeled at their 3' ends using ^2p ,JCXP and Klenow fragment of DNA polymerase I. The labeled fragments were purified from polyacrylamide gels. Footprinting reactions were essentially as described (3) except that the DNA was extracted once with phenol and once with chloroform. The samples were electrophoresed in 10Z polyacrylamide sequencing gels.
Electron Microscopy
Preparation of samples for electronmicroscopy was done essentially as Hepes/KOH (pH -7.6), 40 mM; magnesiumacetate 11 mM. The fraction containing the DNA was adjusted to 50 mM NaCl and 6 nM DTT and the DNA was cut with EcoRI and/or Bgll, for 15 min at 37°C (70 yl reaction). Half of this reaction mixture was again passed through a Sepharose CL-4B column as described above. The peak fraction was diluted two times with column buffer and electronmicroscopy was carried out by the polylysine technique of Williams (19) . 
RESULTS
Binding of the MuA protein Jto Mutants defective In transposition
The A binding sites of the right end ( Fig. 4B; pGP626) , only binding sites Rl and R2 ( Fig. 4B; A53 ) or only the weaker binding site Rl ( Fig. 4B; A66 ).
The footprints of this experiment are shown in figure 5. As has been described previously (3) , in the presence of the A protein an enhanced cleavage by DNase I is observed between nucleotldes 18 and 19 of the A binding sites (indicated with < in figure 5 ). In binding site R3 this enhanced cleavage can already be seen at protein concentrations of 2.5 yg/ml. This indicates that the A protein Interacts most strongly with binding site R3. Deletion of this binding site, however, has no effect on binding of the A protein to the remaining two binding sites (Fig. 5, A 53 ).
Also deletion of binding site R2 has no effect on binding of the A protein to binding site Rl (Fig. 5, A66 ). Thus, binding of the A protein to its We also examined the formation of nucleoprotein structures on plasmlds containing both the left and right end of Mu. Plasmid pGP658 (Fig. 6D) contains the left 850 and right 792 bp of Mu in their proper relative orientation. Nucleoprotein complexes were found at the left as well as at the right end. Some molecules had complexes both at the left and right end (Fig. 6B) . However, paired structures where the left and right end were held together in a DNA-protein complex were not observed. Such paired structures are only found when, in addition to the A protein, the E.coli HU protein is also present (8) . The complexes found at the right end were of the same size as those found at the left end.
Effect of the B protein on the Interaction of the traasposase with the left end of Mu
Chaconae et al. (16) showed that the B protein of Mu has no preference for Mu DNA and that it binds to both ssDNA and dsDNA with the same affinity. Since the B protein is also essential in an early step of transposition (14) 
